###### Strengths and limitations of this study

-   Development of search algorithm guided by experienced librarian.

-   Search for eligible articles will be conducted in four large databases for scientific publications, various sources for grey literature, references of included studies as well as studies citing included studies.

-   No language restrictions will be applied.

-   Two commonly used risk assessment tools for observational studies will be applied, thus, increasing the depth of risk assessment but also complexity of interpretation.

Background {#s1}
==========

Several studies have found that older adults who concurrently use multiple medications with anticholinergic activity (MACs) are at increased risk of adverse health outcomes. These outcomes include fractures, which greatly affect older patients' health and quality of life.[@R1] However, conclusive evidence on this association and on its magnitude is still lacking.

MACs encompass drugs with a wide range of indications, such as agents for overactive bladder (oxybutynin), H2 antagonists (ranitidine, cimetidine), bronchodilators (theophylline), antiparkinsonians (orphenadrine), antipsychotics (clozapine, quetiapine) and antidepressants (amitriptyline, paroxetine). Their anticholinergic activity is due to the competitive inhibition of muscarinic receptors in the central nervous system and peripheral tissues. There are MACs with high anticholinergic activity (eg, amitriptyline, oxybutynin, ipratropium), while others display only weak activity (eg, digitoxin, ranitidine, olanzapine).[@R5] Adverse reactions often result from the cumulative burden of MACs taken by a patient.[@R8] This cumulative exposure is defined as anticholinergic burden (ACB). Several tools have been developed to measure the ACB based on patients' medication lists.[@R1] With the exception of the anticholinergic component of the Drug Burden Index (DBI-Ach),[@R13]all tools assign each MAC a score based on its anticholinergic activity. The sum of scores of all MACs concurrently taken by a patient determines his/her ACB score. The DBI-Ach[@R13] and the Muscarinic Acetylcholinergic Receptor ANTagonist Exposure scale (MARANTE)[@R11] are however the only tools that account for the dose, an important dimension of the exposure to MACs.

In older adults, a high ACB has been associated with an increased risk of cognitive and functional impairment,[@R14] visual acuity[@R26] as well as severe adverse outcomes,[@R1] including fractures.[@R39] The ACB has been consistently associated with an increased risk of falls that are by large the main cause of fractures in older adults,[@R42] and several MACs have been considered fall-risk increasing medications.[@R44] Moreover, a recent study showed that high ACB is associated with low bone mineral density in middle-aged and older women.[@R47] However, very limited evidence on this relation is available so far.

In this systematic review, we have chosen to focus on fractures as an outcome for the following reasons: (i) fractures are clinically relevant outcomes greatly affecting older patients' health and quality of life, leading to reduced autonomy,[@R48] increased morbidity, short-term mortality[@R51] and healthcare costs[@R53]; (ii) in claims and other administrative healthcare databases, non-injurious falls are generally not well captured; (iii) there are already systematic reviews that have addressed the risk of falls associated with the use of anticholinergic medication,[@R1] but none have yet focused on the association of high ACB and fractures. Given that an effect of the ACB on bone density could have important clinical implications, we will also assess whether studies that addressed fractures as an outcome also evaluated osteoporosis and/or bone density.

Sound evidence on modifiable risk factors is thus needed to identify targets for prevention. Despite the relevance of fractures for older patients' health and quality of life, the association of this outcome with the ACB has not been addressed by any prior systematic review.[@R1] Moreover, prior systematic reviews mainly focused on the evaluation of methods for measuring the ACB.[@R5] Conversely, other important aspects of study design have been hardly addressed to date.

To design this protocol for a systematic review on the ACB and the risk of fractures, we conducted a pilot evaluation of studies addressing this association. In this pilot evaluation, we identified five studies published between 2014 and 2017.[@R39] Their results varied widely, with two studies showing no association,[@R59] one reporting a risk increased by 14%[@R39] and the other two studies reporting a risk increased by 56%[@R41] and by 71%,[@R40] respectively. Given the wide variability in risk observed in this pilot evaluation, there is a need to conduct a systematic review of studies on fractures and the anticholinergic burden. This systematic review aims to provide a better understanding of study characteristics that may explain the variability in risk estimates. These characteristics may include, for instance, the type and size of the population studied, its morbidity profile, its use of other medications that increase the risk of fractures. This systematic review aims also to identify specific subgroups at a particularly increased risk. Moreover, a summary measure of risk may be obtained, either for the overall population or for specific and more homogeneous subgroups, if the number of studies retrieved and their heterogeneity will allow the conduct of a meta-analysis.

The observed variability in risk estimates may be partly due to methodological differences among the studies conducted so far. From our pilot evaluation, it emerged that methodological differences may relate to the way exposure has been measured, for example, using different scales,[@R39] or as the use of any MAC instead of as cumulative exposure.[@R59] Other differences consist in outcome measurement, adjustment for potential confounders and other relevant factors (eg, only one study adjusted for several comorbidities specifically associated with the risk of fractures or with the use of MACs,[@R39] while other studies adjusted only for aggregated indicators of morbidity, such as the Charlson Comorbidity Index[@R40] or the Elixhauser score).[@R41] Thus, potential confounders may not have been accounted for, leading to residual confounding. Moreover, some studies were conducted on individuals at greater risk of falls and fractures, such as patients with Parkinson's disease[@R41] or nursing home residents.[@R39] Therefore, it is unclear if their results are generalisable. Finally, one study[@R60] included a small number of subjects and the precision of its point estimates may be low. Our pilot evaluation, although restricted to a pool of articles not identified systematically, shows the need of a comprehensive methodological evaluation of studies on the risk of fractures associated with the ACB. Such a methodological evaluation will provide guidance for future research.

Methods and analyses {#s2}
====================

To fill the gaps in the knowledge presented above, we aim to conduct a systematic review on the methodological aspects of studies on the association between the ACB and the risk of fractures. We also aim to obtain a summary measure of the risk of fractures associated with the ACB, if the number of studies retrieved and their heterogeneity will allow us to perform a meta-analysis. This summary measure of risk may refer to the overall population or to specific and more homogeneous subgroups (eg, older adults). Additionally, we will evaluate the association between ACB and osteoporosis and/or reduced bone mineral density in studies that addressed fractures as an outcome.

The review will be reported based on Preferred Reporting Items of Systematic Reviews and Meta-Analyses Protocol guidelines. The protocol has been registered in the PROSPERO database and follows the Preferred Reporting Items of Systematic Reviews and Meta-Analyses Protocol,[@R61] Meta-analysis of observational studies in epidemiology[@R62] guidelines as well as a guideline for the conduct of systematic reviews and meta-analyses in older adults.[@R63] We are planning to start the review in Q3 2019 and to finish it at the latest in Q2 2020.

Sources of evidence {#s2-1}
-------------------

Search strategies were developed by the project team under the guidance of an experienced medical librarian. Potentially eligible studies will be searched in the following electronic databases and information resources: MEDLINE (1950 to present), EMBASE (1947 to present) and Science Citation Index (1900 to present). Moreover, we will search in Cochrane Controlled Register of Trials (CENTRAL), sources dedicated to grey literature (Open Grey, OSFPreprints, GreyLit and Google Scholar) as well as hand searches in relevant open access repositories (Open DOAR).

Search strategy {#s2-2}
---------------

The search strategy includes two concepts: anticholinergic (including medication and burden) and fractures ([online supplementary appendix A](#SP1){ref-type="supplementary-material"}). The appropriate controlled terms representing these concepts in each database will be used. To identify additional potentially eligible studies, we will manually screen the references of included studies and of prior systematic reviews or meta-analyses. We will also assess the relevance of articles that cite included articles. Additionally, we will contact authors who have published in this field for articles that may have been missed or are unpublished. To address the association between ACB and osteoporosis and/or reduced bone mineral density, we will conduct a second search. The search strategy will include the concepts anticholinergic (including medication and burden) and osteoporosis and/or reduced bone mineral density ([online supplementary appendix A](#SP1){ref-type="supplementary-material"}).
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Eligibility criteria {#s2-3}
--------------------

To be included in this systematic review, studies have to fulfil each of the criteria outlined below.

### Study design {#s2-3-1}

Observational studies, such as cohort, case--control, case-crossover and self-controlled cohort studies.

### Population {#s2-3-2}

Studies conducted in human populations, without restrictions regarding the setting (ie, both population-based studies and studies including persons hospitalised or residents of nursing homes or other types of long-term care facility).

Since they are a high-risk group for fractures, some studies may include only older adults. However, we will not set an age limit as inclusion criteria nor restrict our systematic review to studies including only older adults. The reason is that we aim to evaluate the relation between ACB and fractures also in middle-aged and younger persons. It should be noted that some recent evidence suggests that the risk of fractures associated with ACB is increased in middle-aged women and not only in those 65 years or older.[@R47]

### Exposure {#s2-3-3}

Studies in which the ACB, as an exposure, was measured using a scale either previously published or newly developed. Studies that assessed cumulative exposure to MACs not based on a previously published list or scale will be included in the systematic review but not in the meta-analysis. On the contrary, studies that assessed the exposure to one or more individual MACs but did not assess any cumulative exposure to MACs or the ACB will be excluded from the systematic review.

### Outcome {#s2-3-4}

First, studies addressing fractures as an outcome without restriction to a defined site (ie, fractures of any site, eg, of the hip, of the hip and the femur, of the wrist) or to a defined type (ie, any fractures for whichever reason, eg, fall-related, fragility-related). Second, studies addressing osteoporosis and/or reduced bone mineral density.

### Measures of association {#s2-3-5}

Studies that report a crude or adjusted measure of the association between the exposure and the outcome (ie, relative risk, OR, HR or rate ratio), and the corresponding 95% CI, or that report sufficient data to calculate a measure of association.

### Data sources {#s2-3-6}

Studies based on any type of data, specifically, those conducted using primary collected data as well as those based on secondary data sources (eg, claims and other administrative health databases).

### Language {#s2-3-7}

No language restriction will be applied.

### Time {#s2-3-8}

No date restrictions will be applied.

Study records {#s3}
=============

Data management {#s3-1}
---------------

Results of the literature search will be imported into an EndNote^©^ database and duplicates will be removed. Remaining articles will be entered into a Microsoft Access 2010^©^ database using structured data entry forms created specifically for this systematic review. Study information, including abstracts and full-text articles will be uploaded into the database ([online supplementary appendix B](#SP1){ref-type="supplementary-material"}). Before start of data collection, data entry forms will be piloted and the study team will receive training.

Selection process {#s3-2}
-----------------

Articles will be selected in a two-stage process. In the first step, the title and abstract of all articles identified by the search strategies will be assessed based on the eligibility criteria. Each article will be graded as eligible/not eligible/possibly eligible. In the second step, full texts of all eligible and possibly eligible articles will be retrieved and examined based on eligibility criteria to confirm their inclusion. Each article will be graded as either included or not included into the systematic review and the meta-analysis.

Both steps of the assessment will be performed independently by two reviewers (OR and JR). For each article, the evaluation of the two reviewers will be compared and discrepancies will be solved by consensus. In case a consensus cannot be reached, FEP (Co-PI) will mediate. Reasons for exclusion at both stages of the inclusion process will be recorded.

Data extraction process {#s3-3}
-----------------------

Two reviewers (OR and JR) will extract data independently from full-text articles included for systematic review using the standardised MS Access data entry form mentioned above. Quality controls of the input data will be performed, including identification of missing data and discrepancies as well as logical checks of extracted data. Missing data, errors and discrepancies will be solved by re-evaluating the full-text article and/or by discussion between the reviewers and subsequent editing. If relevant information is missing from the full-text article, the corresponding author will be contacted and asked to provide clarification (up to three contact attempts by email).

Risk of bias in individual studies {#s3-4}
----------------------------------

The risk of bias for each included study will be assessed using two quality assessment tools: the Newcastle-Ottawa Quality Assessment Scale (NOS)[@R64] and the RTI item bank.[@R65] We chose to use two different tools to have a more in-depth understanding of the risk of bias in the included articles. The NOS is a widely used tool and covers the main aspects of study design. We added the RTI item bank because it evaluates certain aspects (eg, exposure assessment) with greater detail and it has been shown to be suited to assess observational drug safety studies in an ad-hoc tailored version that addressed bias particularly relevant for these types of studies (eg, indication bias, unmeasured confounding).[@R66] Given that this systematic review will include observational studies on the safety of medications as well, we considered the RTI item bank an appropriate additional tool.

The NOS was developed for the assessment of the risk of bias in case--control and cohort studies. It assesses the risk of bias by means of a brief questionnaire that evaluates specific aspects of the study design. For case--control studies, the questionnaire covers the following domains: methods for selection of cases and controls, the comparability of cases and controls as well as the methods used for ascertainment of the exposure. The domains for cohort studies are methods for selection of the cohort, comparability of exposed and non-exposed participants and the methods for the assessment of outcomes. Studies are then rated according to their estimated risk of bias.

The RTI item bank was developed for evaluating the quality of observational studies with focus on bias and precision. It consists of 29 questions and covers 11 domains: sample definition and selection, interventions/exposure, outcomes, creation of treatment groups, blinding, soundness of information, follow-up, analysis comparability, analysis outcome, interpretation and presentation and reporting. In each question, the risk of bias is rated as low, unclear or high risk of bias. Results will be presented for each item for each study and as an overall risk of bias for each study. The questions of the RTI item bank will be tailored to evaluate aspects of study design and analysis that are specifically relevant to the research question of this systematic review.

Each included study will be independently assessed by each reviewer (OR and JR) using the NOS and RTI item bank. For each item of each tool, disagreement between the ratings of reviewers will be solved by consensus. If consensus cannot be reached, FEP will be consulted. In the case of insufficient information reported in the study, the risk of bias will be judged 'unclear' and the corresponding author of the study will be contacted and asked to provide clarification (up to three contact attempts by email).

Data synthesis {#s3-5}
--------------

Relevant characteristics of excluded and included studies will be summarised through statistical measures as appropriate (eg, percentages, mean, median, SD, IQR) and tabulated.

Between-study heterogeneity will be assessed through appropriate statistics including the Q statistic.[@R67] The proportion of total between-studies variance due to heterogeneity will be estimated, for example, through the I^2^ statistic.[@R68] Studies that influence the heterogeneity will be detected[@R69] and sources of heterogeneity will be explored. Sensitivity analysis will be conducted removing studies that influence heterogeneity. In the presence of relevant heterogeneity, the summary relative risk and its 95% CI will be calculated using a random-effects model. The effect of potential covariates on the summary relative risk will be assessed. We will use meta-regression to assess the influence of the scale used in the different studies to evaluate the ACB. If a quantitative synthesis is not possible, a qualitative assessment of the results will be conducted. We will perform a leave-one-out sensitivity analysis, iteratively removing one study at a time, to measure how each single study affects the overall estimate and to identify studies that potentially drive the results.[@R70] Other sensitivity analyses will include the omission of specific studies (eg, those at high risk of bias), the restriction to specific subgroups (eg, more homogeneous studies) or studies that share definite characteristics (eg, include only women or only older adults) and the stratification by age. Finally, we will report the number and percentage of studies that considered the outcome bone density and summarise their results, either in a quantitative or a narrative way (if a low number of studies are found).

Publication bias will be assessed graphically by means of a funnel-plot and using Egger's test.[@R71] If publication bias is detected, appropriate methods such as the trim-and-fill method will be used to correct the bias.[@R73]
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